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PURPOSE:To manufacture fine-grained Si02 having a sharp particle size distribution by feeding gases each 
having a specified composition to a concentric double- tubed burner when a volatile Si compound is decomposed in 
a flame at a temp, above m.p. of Si02. 

CONSTITUTIONS volatile Si compound, an inflammable gas and a gas contg. oxygen are fed to the central tube 
of a concentric double-tubed burner, and the inflammable gas is fed to the jacket tube. The gases are spouted from 
the burner to form a stable and short flame, and the volatile Si compound is decomposed in the flame at a temp, 
above the m.p. of Si02. By this method, fine- grained Si02 having a sharp particle size distribution can be 
manufactured. 
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TRANSLATION OF PATENT NO. 59-223217 
METHOD OF PRODUCTION OF FINE SILICA 

1 . NAME OF THE INVENTION. 

Method of production of fine silica. 

2. RANGE OF THE PATENT. 

1. The patent is for a method of production of fine silica which 

makes use of a concentric double tube burner where a 
flammable gas is supplied to the outer tube and a 
mixture of a silicon compound, a flammable gas, and an 

oxygen containing gas is supplied to the inner tube when 
decomposing volatile silicon compounds in a flame at 
temperatures above the melting point of S1O2. 

2. The silicon compound mentioned above in 1 is SiCLj.. 

3. The flammable gas above is H2. 

4. The angle of the mouth of the outer tube is between 60 and 

85 degrees to that of the inner tube. 

5. The rate of flow of the gas at the mouth of the outer tube 

must be equal to, or faster than the rate of flow of the gas 
mixture at the mouth of the inner tube. 

3. DETAILS OF THE METHOD OF PRODUCTION 

This invention concerns the method of production of fine 
silica by causing a reaction and decomposing volatile silicon 
compounds in flame. It is especially concerned with producing 
fine silica with a narrow distribution in granule size at high 
reaction temperature. 

Many methods have been proposed to produce fine silica 
by the so-called dry method where volatile silicon compounds 



such as halogenated silicon are decomposed in a flame. For 
example, in patent No. 47-46274, researchers discuss a method 
of production of silicon dioxide which is subdivided (made fine) 
by providing halogenated silicon along with an oxygen 
containing gas and a flammable gas, especially which contains 
or forms hydrogen, to the flame continuously at a temperature 
below the melting point of silicon dioxide which was 
subdivided at temperatures between 700 and 1400 degrees C. 

The inventors of the method discussed here also have 
carried out extended research concerning methods of 
production of fine granular silica in which halogenated silicon is 
decomposed in a flame. As a result of this research, we have 
discovered that silicon dioxide of the desired relative surface 
area can be easily obtained by decomposing halogenated silicon 
at a temperature range higher than the melting point of silicon 
dioxide. However, in the case when one decomposes 
halogenated silicon in a flame at these types of high reaction 
temperatures, the silicon dioxide produced has the tendency to 
undergo non-uniform flight (heat history) due to the size and 
instability of the burner flame, and, as a result, it is impossible 
to maintain narrow limits on the distribution of the size of the 
silicon granules produced. 

Therefore, the main goal of this invention is to decompose 
halogenated silicon in a flame at a high reaction temperature 
and produce fine silica which has a narrow distribution in 
granule size. We discovered that one can reach the above goal 
and form a short, stable, high temperature flame by using a 



concentric double burner, supplying each tube with it's own 
specific gas mixture. 

In this production method, to obtain fine silica which is 
highly transparent and dispersible and to be able to adjust the 
relative surface area at will within a range of 50 to 500 M 2 /g, 
it is necessary to decompose volatile silicon compounds in a 
flame at flame temperature above the melting point of Si02- Of 
course, when one decomposes volatile silicon compounds in a 
flame at flame temperatures below the melting point of Si02, 
one still obtains fine granular silicon dioxide which has a 
relative surface area similar to that stated above, but it will 
have extremely poor transparanticity and dispersiticity 
characteristics. 

With this invention, the outcome of the method of 
forming the decomposition temperature of the volatile silicon 
compounds at a temperature higher than the melting point of 
silicon dioxide is generally decided by the constituents and 
delivery temperature of the gas that forms the flame along 
with the silicon compounds. In other words, the percentages of 
gas components such as volatile silicon compounds, flammable 
gases, oxygenated gases, and, according to necessity, 
inflammable gases, are predetermined to form a flame which 
has the temperature desired for the reaction, and these gas 
mixtures pass through the burner to ignite in the reaction 
chamber. 

Halogenated silicons such as four salt (ed) silicon (tri- 
cloro-silan (SiCl3)), and (di-cloro-silan (SiCl2» are preferred for 



the volatile silicon compounds to be used in this invention, but 
organic halogenated silicon compounds such as (tri-methal- 
cloro-silan) can also be used. Also, for the flammable gas, 
hydrogen, which produces water upon combustion, or other 
hydrogen containing gases are preferred, but methane, propane 
gas, coal gas, natural gas, oil refined gas, etc. can also be used. 
The term "oxygen containing gas" refers to oxygen, common air 
etc. For the noncombustible gas, nitrogen, carbon dioxide, 
argon gas, etc are generally used. 

Up until the present, generally fine silica has been 
obtained by combustion of gaseous four salt (ed) silicon 
compounds with hydrogen and common air. In the case of this 
invention also, gaseous four salt (ed) silicon, hydrogen, and 
common air are used with the addition of a oxygen gas to 
maintain the desired flame temperature. Alternatively, it is 
recommended that the four salt (ed) silicon be used with a gas 
mixture of 1: hydrogen and oxygen 2: hydrogen, oxygen and 
argon 3:hydrogen, propane, air, oxygen etc. Also, it is generally 
necessary to preheat the above gas mixtures to 300 degrees C 
in order to obtain the desired high reaction temperature. 

For this invention, it is extremely important to use a 
concentric double burner and to form the flame by supplying 
the inner tube with the mixture of a silicon compound, a 
flammable gas, an oxygen containing gas, and the outer tube 
with a flammable gas, and, when necessary, an oxygen 
containing gas, in order to obtain fine silica of a limited size 
distribution. In other words, in this . burner, the raw ingredient 



gas mixture forms a short stable flame slightly removed from 

the burner tip due to the effect of the flammable gas that is 

supplied to the outer tube. It is construed that fine silica of a 

limited size distribution is obtained because this type of flame 

makes a contribution towards uniformitization of the amount of 

time spent in the high temperature zone by the silicon dioxide 
* 

which is formed by the decomposition of the raw silicon 
compound at high flame temperature. 

It should be noted that the use of a double burner is not 
unknown when producing fine silica from volatile silicon 
compounds, flammable gas, and oxygen containing gas. For 
example, in patent no. 36-3359, a production method is 
illustrated where air and other refined gases are expelled from 
the outer tube in order to prevent the deposit of silica on the 
burner tip. In fact, all previous production methods that made 
use of a double burner did so for the purpose of preventing the 
formation of this type of deposit, and thus had a totally 
different purpose from that of this invention, which is to 
produce fine silica with a narrow size distribution. In other 
words, in addition to the use of a double burner, this 
production method also requires that the flame temperature be 
stabilized above the melting point of silicon dioxide. 

Any type of known double burner can be used for this 
production method as long as the prescribed gas mixtures can 
be supplied to the correct tubes and a short stable flame can be 
formed. Generally, concentric double burners with a circular 
gap(s) (slit(s)) constructed into the end of the burner mouth of 



the inner tube are to be preferred. For this production method, 
the length of the flame formed from the burner's center tube 
supplied with a mixture of volatile silicon compounds, a 
flammable gas, and a oxygen containing gas should be 
shortened to 3/4 of it's original length or less by the addition 
of a flammable gas, and, when needed, an oxygen containing 
gas, to the outer tube. To obtain this flame shortening effect, 
the width of the slit(s) in the outer tube of the double burner 
should generally be designed to be within the limits of 1/200 
and 1/5 of the diameter of the inner tube. Also, it is preferable 
to design the angle of the slit exit(s) of the outer tube to be 
within the limits of 65 and 85 degrees relative to the inner 
tube (perpendicular). Furthermore, it order to shorten the 
flame as described above, it is generally necessary to maintain 
a flow velocity of above 20, or sometimes above 30, m/sec. at 
the burner exit for the gas mixture of flammable and oxygen 
containing gases supplied to the outer tube of the burner. 

Using this production method, it is possible to obtain fine 
silica with a limited size distribution, which has a small, 
relatively uniform, floe diameter upon dispersion. Of course, 
this method also prevents the formation of deposits on the 
burner mouth. 
4. AN EXAMPLE OF APPLICATION 

A concentric double burner which consisted of outer tube 
(Secondary Burner) with a 70 degree exit angle attached to a 
25 UNIT tube (Primary Burner) was used. The width of the 
slit(s) of both burners was 2.5 UNITS. The test application was 



preformed with the burner attached to the upper portion of a 
reaction chamber (tube) which had a product removal door in 
it's lower portion. 

The first burner was supplied with a mixture of SiCU, H2> 
02, and an inert gas at a velocity of 30 m/sec, and the second 
burner was supplied with a mixture of H2 and air to form a 
1900 degree C flame. The amount of each gas supplied was as 
follows: SiCU - 5.9 m3/hr., H2 - 15.3 m3/hr., O2 - 9.2 m^/hr., 
inert gas 22.6 m^/hr. 

The silica produced was gathered by standard methods, 
and, after the removal of acid, it was dispersed in water, and 
measurements were taken of distribution of the diameter of 
the floes (cohesive granuals). The results of these 
measurements are illustrated in diagram 1 as 1. 

Then, the secondary burner was removed and the 
application was repeated with just the primary burner in 
operation. The results of the measurement of the silica thus 
produced are shown in figure 1 as 2. 
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